We place statistical constraints on Type Ia supernova (SN Ia) progenitors using 226 nebular phase spectra of 110 SNe Ia. We find no evidence of stripped companion emission in any of the nebular phase spectra. Upper limits are placed on the amount of mass that could go undetected in each spectrum using recent hydrodynamic simulations. With these null detections, we place an observational 3σ upper limit on the fraction of SNe Ia that are produced through the classical H-rich non-degenerate companion scenario of < 5.6%. Additionally, we set a tentative upper limit on He star progenitor scenarios of < 6.5%, although further theoretical modelling is required. As part of our analysis, we also derive a Nebular Phase Phillips Relation, which approximates the brightness of a SN Ia in the nebular phase using the peak magnitude and decline rate parameter ∆m 15 (B).
tion, collision, or merger. This can occur due to gravitational wave emission (Tutukov & Yungelson 1979; Iben & Tutukov 1984; Webbink 1984) , collision/violent merger due to perturbations by external bodies (Thompson 2011; Katz & Dong 2012; Shappee & Thompson 2013; Pejcha et al. 2013; Antognini et al. 2014) , accretion from a low-mass white dwarf onto a smaller, higher-mass white dwarf (Taam 1980; Livne 1990; Pakmor et al. 2012) , or a "double detonation" where an accreted helium layer detonates and drives the core to detonate (Woosley & Weaver 1994; Fink et al. 2010; Kromer et al. 2010) . Due to the intrinsic faintness of both components in these systems, observational confirmation of DD systems is exceptionally difficult (e.g., Rebassa-Mansergas et al. 2018) . Some progress has been made on this front, such as bimodal emission in the nebular phase (Dong et al. 2015a; Vallely et al. 2019 ) and possible hyper-velocity remnants (Shen et al. 2018) . However, most of the evidence for DD systems comes from the exclusion of SD progenitors (e.g., Shappee et al. 2017) .
The SD scenario involves a WD with a nearby nondegenerate companion (Whelan & Iben 1973; Nomoto 1982; Yoon & Langer 2003) , usually undergoing Roche Lobe overflow (RLOF) . The WD accumulates material until reaching critical mass and then explodes. This critical mass is typically considered the Chandrasekhar mass (M ch ∼ 1.4 M ), although sub-M ch explosions, including double detonation scenarios, are also possible (e.g., Livne & Arnett 1995) . There are several predicted observational signatures of the SD degenerate scenario due to the interaction of the ejecta/explosion and the donor star (Wheeler et al. 1975) , including effects on the rising SN Ia light curve (Kasen 2010) , soft X-ray emission in the accretion phase (Lanz et al. 2005; Woods et al. 2018) , surviving companions with anomalous characteristics (e.g., Canal et al. 2001; Shappee et al. 2013b) , and the amount of 56 Ni decay products synthesized in the explosion (e.g., Röpke et al. 2012; Shappee et al. 2017) .
One of the most promising signatures of a RLOF companion to an exploding WD are emission lines produced by material stripped/ablated from the non-degenerate companion (e.g., Wheeler et al. 1975; Marietta et al. 2000; Mattila et al. 2005; Pan et al. 2012) , observable in nebular-phase spectra once the SN Ia has faded considerably and become optically thin. For example, Boehner et al. (2017) simulated stripping from red giant (RG), main sequence (MS), and sub-giant (SG) stars, finding approximately 0.33, 0.25, and 0.17M , respectively, of stripped mass. Botyánszki et al. (2018) converted these estimates into expected Hα luminosities and found that the emitted Hα luminosity does not vary linearly with amount of stripped companion mass, which had been the assumption of previous studies (e.g. Leonard 2007; Shappee et al. 2013a ), but instead the relation is closer to exponential. Additionally, the Hα emission is powered by the SN Ia and roughly follows the bolometric luminosity.
In this work we compile a comprehensive sample of SNe Ia nebular spectra spanning ∼ 200 − 500 days after explosion to search for the expected emission from stripped/ablated material. We find no such emission in any spectrum in our sample, and place new or updated stripped/ablated mass constraints for each SN Ia. The entirety of similar work in the literature totals 25 SNe Ia (Mattila et al. 2005; Leonard 2007 ; Shappee et al. 2013a; Lundqvist et al. 2013 Lundqvist et al. , 2015 Maguire et al. 2016; Graham et al. 2017; Shappee et al. 2018; Sand et al. 2018a; Holmbo et al. 2018; Dimitriadis et al. 2019; Tucker et al. 2018 ), a fraction of the sample analyzed in this work. All SNe Ia included in this study are listed in Table B2 .
We outline our data sources and reduction techniques, including absolute flux calibration, in §2. In §3, we discuss our methodology in searching for and placing limits on material stripped from a RLOF companion. Our upper limits on stripped material are provided in §4, and our findings are discussed in the context of SNe Ia formation in §5. Included in §5 are discussions about peculiar SNe Ia and their role in our study, plus the curious case of ASASSN-18tb which exhibits broad Hα emission in its semi-nebular spectrum (Kollmeier et al. 2019 ).
DATA SOURCES AND REDUCTION
Our sample of 226 spectra of 110 SNe Ia comes from the 38 instruments on 27 telescopes listed in Table 1 . All spectroscopically peculiar SNe Ia are included except for those exhibiting signatures of circumstellar material (SNe Ia-CSM). These SNe Ia exhibit Hα emission, but the velocity and magnitude of the emission is inconsistent with material stripped from a nearby companion. Instead, these SN Ia appear to have exploded in a dense circumstellar environment (e.g., SN 2002ic, Wang et al. 2004 . We impose the following criteria when selecting SNe Ia nebular spectra:
• Obtained between 200 and 500 days after explosion to maintain consistency with the models of Botyánszki et al. (2018) , assuming a typical rise time of t rise ≈ 19 days (Firth et al. 2015) .
• Cover ±1 000 km s −1 of at least one H or He line in Table  2 .
• Have at least one method of absolute flux calibration, outlined in §2.3.
The complete list of new and archival spectra is provided in Table B3 . Additionally, we include new and archival photometry to supplement our spectral data and analysis. Early phase photometry ( 50 d after maximum light) is used in deriving the photometric properties of each SN Ia using the photometric fitting code SNooPy (Burns et al. 2011) , including time of maximum (t max ), the decline rate parameter ∆m 15 , extinction along line of sight, and the distance modulus. Late-and nebular-phase photometry are used for flux calibrating the nebular spectra and deriving a Nebular Phase Phillips Relation (NPPR). The NPPR approximates the nebular magnitude of a SN Ia given its peak magnitude and decline rate, calibrated to an extensive sample of new and archival SNe Ia photometry. A complete description of the NPPR, its derivation and usage is provided in Appendix A.
New Spectra and Photometry
We present 14 new nebular-phase spectra of 13 SNe Ia, of which 10 have no prior published nebular spectra. These spectra were acquired in our ongoing study of SNe Ia progenitors, taken with MagE on Baade, MUSE on the VLT, and WFCCD on duPont (see Table 1 for telescope and instrument designations). For the new spectra presented here, each spectrum was reduced using telescope and instrumentspecific pipelines, if available, otherwise typical IRAF tasks were used. The spectra acquired with MagE/Baade were reduced with a pipeline provided by the Carnegie Observatories 1 (Kelson et al. 2000; Kelson 2003) , with the exception of standard star calibrations and stitching together each echellette spectrum, which was done with custom Python routines. For newly presented MUSE data acquired as part of the AMUSING survey (Galbany et al. 2016) , spectra were extracted in a 1" circular aperture at the SN Ia location using the PyMUSE package (Pessa et al. 2018) , and corrected for host galaxy contributions using a background annulus extending from 2" to 3". For absolute flux calibrations, we also include nebular photometry for any SNe Ia in our sample. This includes new observations and reproccessed archival images for which we could not find a published magnitude. New photometry includes V-band images taken with FORS2, rband images from MODS1, and BV RI images from WFCCD. Archival imaging includes UBV RI imaging from FORS1/2 and BV Rgri imaging from EFOSC2 (Table B5 ). All images are bias subtracted and flat-field corrected before performing aperture photometry with the IRAF apphot task. For targets with δ ≥ −30 • , photometry from the Pan-STARRS Stack Object catalog 2 (Chambers et al. 2016; Flewelling et al. 2016 ) was used in calibrating the images, otherwise Gaia DR2 photometry (Gaia Collaboration et al. 2016 Riello et al. 2018 ) was used. When transforming reported magnitudes to other photometric systems, Tonry et al. (2012) and Evans et al. (2018) were used for Pan-STARRS and Gaia, respectively. The only exceptions to this procedure are the B-band FORS2/VLT images, which are calibrated using the reported photometric zeropoints 3 .
Archival Spectra and Photometry
The primary sources of our archival spectra and photometry are the Berkeley SuperNova Ia Program 4 (BSNIP, Silverman et al. 2012 Silverman et al. , 2013 , the Center for Astrophysics (CfA) Supernova Data Archive 5 (Riess et al. 1999; Jha et al. 2006; Matheson et al. 2008; Blondin et al. 2012) , the Carnegie Supernova Project 6 (CSP, Hamuy et al. 2006; Folatelli et al. 2010a; Contreras et al. 2010; Stritzinger et al. 2011; Folatelli et al. 2013; Krisciunas et al. 2017; Phillips et al. 2019) , the 100IAs project (Dong et al. 2018a) , the ANU WiFeS Su-perNovA Program (AWSNAP; Childress et al. 2016) , and the All-Sky Automated Survey for SuperNovae (ASAS-SN, Shappee et al. 2014a; Holoien et al. 2017a ,b,c, 2019 . The majority of the publicly available data were retrieved using the Open Supernova Catalog (OSC, Guillochon et al. 2017 ) and the Weizmann Interactive Supernova data REPository (WISeREP, Yaron & Gal-Yam 2012) . All data provided by these sources are already reduced with the exception of precise spectral flux calibration, which we outline in §2.3. Additionally, we supplement these sources with archival data obtained from telescope databases, including the Keck Observatory Archive 7 (KOA), the ESO Science Archive Facility 8 (ESO SAF), the Isaac Newton Group Archive 9 and the Gemini Observatory Archive 10 (GOA). Information on all the spectra in this study is presented in Table B3 .
Data reduction and calibration was performed as uniformly as possible across all sources of spectra. Data retrieved from public archives were already reduced, with the exception of absolute flux calibration. The reduction of data retrieved from telescope archives was generally less complete. All spectra retrieved from the ESO SAF were already reduced (excluding flux corrections) with the exception of FORS1/2 data. For any ESO SAF data reduction, both spectroscopy and photometry, we used the ESO SAF esorex data reduction pipeline (Freudling et al. 2013) .
Spectra obtained from the KOA and GOA were not reduced prior to retrieval and had to be manually reduced. Recent LRIS spectra were reduced using Lpipe 11 , while older LRIS and DEIMOS data were reduced using the LowRedux/XIDL pipeline 12 . Gemini North/South GMOS spectra were reduced with the GMOS Data Reduction Cookbook 13 .
We manually reduced any unreduced spectra for which no pipeline exists using standard IRAF 14 procedures. Images were flat-fielded and bias-subtracted using archival calibration images taken near the epoch of observation, and wavelength calibrated with arc lamp exposures. Spectrophotometric standard star observations were used to correct for telescope/instrumental artefacts, atmospheric effects, and to place each spectrum on a reliable relative flux scale.
Accurate Flux Calibration
For our analysis in §3, the spectra must be on a reliable absolute flux scale. While calibrating spectra with spectrophotometric standard stars places these spectra on a dependable relative flux scale, slit losses, atmospheric conditions, and other effects can cause the resulting spectra to deviate from an absolute flux scale. To scale a spectrum to the absolute scale, we employed Eq. 7 from Fukugita et al. (1996) to calculate synthetic photometry from the spectra. The spectra are then scaled so that the synthetic photometry matches the observed photometry. There were several different sources of photometry used to calibrate the spectra. In order of preference and reliability, with accuracy estimates in given parentheses:
(i) For spectra with acquisition images taken at the time of observation, we scale the entire spectrum to match these photometric observations, usually in the V or r filters (∼ 5 − 10%).
(ii) If acquisition images are unavailable, we next tried to use photometry within ±5 d of the spectral observations. Photometry in all available filters within this temporal limit were used in the flux calibration (∼ 10 − 15%).
(iii) If no photometric data was available within ±5 d, we searched for photometry within ±50 d. If at at least 3 photometric data points fell within this time span, we linearly interpolated to estimate the magnitude at the time of the spectral observation (∼ 15 − 20%).
(iv) If none of these were available, the nebular BV R magnitude was estimated with the NPPR and used to calibrate the spectrum (see Appendix A, ∼ 20%).
We required > 90% of the filter's transmission curve be covered by the observed spectrum for viable calibrations. If only a single filter was available, the entire spectrum was scaled to match the observation. If two filters were available for flux calibration, a simple linear fit was applied to the scale factors. If > 3 filters were available, we use spline fits with fixed endpoints to ensure a robust flux correction across the entire spectrum. After placing the spectrum on an absolute flux scale, we correct for host galaxy and Milky Way reddening using the E(B −V) host derived from the light curve fits. We implement a Fitzpatrick (1999) extinction law and a Schlegel et al. (1998) Milky Way dust map for our reddening corrections. We assume R V = 3.1 unless stated otherwise (see Appendix B).
SEARCHING FOR EMISSION FROM A STRIPPED COMPANION
Prior to the work of Botyánszki et al. (2018) , the majority of unbound mass limits in the literature utilised the work of Mattila et al. (2005) and Leonard (2007) to compute stripped mass limits from comparing observed spectra to expected Hα luminosities. Several subsequent studies have adopted these methodologies in their work (e.g., Maguire et al. 2016; Graham et al. 2017) with notable success in ruling out hydrogen-rich companions. Yet the models of Mattila et al. (2005) had several shortcomings in observational implementation. In particular, Leonard (2007) assumed a linear scaling between the amount of unbound companion mass and the corresponding Hα luminosity. Botyánszki et al. (2018) , using the MS38 model (a main sequence star undergoing RLOF) from Boehner et al. (2017) , instead found the emitted Hα luminosity scales exponentially with the amount of stripped mass. Additionally, Botyánszki et al. (2018) computed a simplified helium-star model, where all the stripped mass from the MS38 model is replaced with helium instead of Solar abundance material. This is not a true helium star model, as helium star companions are expected to have lower amounts of stripped mass than their hydrogen-rich counterparts and a modestly different velocity distribution (e.g. Pan et al. 2012) , but it provides a starting point for calculating limits on the amount of unbound helium in a SN Ia spectrum.
While the models of Botyánszki et al. (2018) clarify the Mattila et al. 2005) . In the following subsections we discuss our stripped mass limits given these limitations.
Expanding on these Models
For SNe Ia with star-forming host galaxies, the region around Hα can be contaminated by narrow host galaxy Hα and NII emission lines which complicates setting limits on Hα emission. However, the unbound material has emission lines besides Hα, including Hβ, Hγ, and the Paschen series. Assuming roughly Solar metallicity, the stripped material will also exhibit prominent HeI lines in the optical and NIR (Botyánszki et al. 2018) . We provide the luminosities for each of these lines in Table 2 at (t − t 0 ) = 200 days for the hydrogen-rich (H-rich) model using the same MS38 model as Botyánszki et al. (2018) . Additionally, we supply similar data for the simplified helium star model from Botyánszki et al. (2018) , which we refer to as the He-rich model. Botyánszki et al. (2018) estimated the line luminosity at 200 days as a function of the amount of stripped mass (M st ). Table 2 & Kasen (2017), we find the FeIII emission is well fit by an exponential (Fig. 1) , which leads to an estimate for the line luminosity of
. This should hold well for the Balmer lines, and is at least a better approximation for the Paschen and HeI lines than assuming their luminosities are temporally constant.
Placing Statistical Limits on Stripped Mass
Once each spectrum is flux calibrated and corrected for the reddening, we place statistical limits on the presence of emission lines listed in Table 2 , roughly following the methods of Leonard (2007) . Each spectrum is rebinned to the approximate spectral resolution, and the spectral continuum is fit with a 2 nd -order Savitsky-Golay polynomial (Press et al. 1992) , excluding pixels within 2 × FWHM of line centers to prevent biasing our continuum fit, as done in previous studies (e.g., Maguire et al. 2016) . However, since we are inspecting a multitude of lines for emission signatures, we apply our continuum model in velocity space instead of wavelength space to incorporate this modification.
No single continuum width adequately fits the continuum for all SNe Ia in our sample, especially considering the spectroscopic and temporal diversity. We tailored the continuum fit width for each spectrum based on the observed SN Ia expansion velocity, measured from the prominent emission lines in the spectrum. Since most of the major emission lines in nebular SNe Ia are blended to some extent (e.g., Mazzali et al. 2015, Fig. 5 ), we compute the weighted average from the fitted line profiles assuming a Gaussian emission profile + linear continuum. The lines considered for deriving the expansion velocity are the major FeII, FeIII, and CoIII lines indicated by the vertical dashed lines in Fig. 2 . If the SNR of the spectrum is too low for the widths of at least 2 lines to be measured confidently, we assume a typical width of 3 000 km s −1 . For velocities lower than this value, we risk biasing our continuum fit to include possible weak emission, and implement 3 000 km s −1 as a strict lower bound. Additionally, since SNe Iax are known to have narrow line profiles in the nebular phase compared to typical SNe Ia (Foley et al. 2016) , we adopt this lower bound for SNe-Iax as well. Because these velocities are simply a proxy for the width of the continuum fit, this method neglects the intricacies of SNe Ia emission profiles, especially since spectroscopically bi-modal SNe Ia are not uncommon (Dong et al. 2015a; Vallely et al. 2019 ). However, these complications are unimportant for our analysis, and we consider these simple velocity approximations adequate.
When applying the continuum fit to each spectrum, we minimize biasing our continuum by using 3σ clipping to exclude narrow host galaxy lines, telluric absorption, or instrumental artefacts. After fitting the continuum model to the data, we subtract off this continuum and inspect the residuals for emission line signatures from unbound companion material. For each line in Table 2 , we compute 10σ bounds on the integrated line flux in each region similar to Eq. 4 from Leonard & Filippenko (2001) . However, for flux calibrated spectra,
where F(10σ) is the 10σ upper limit on the integrated flux, EW(10σ) is the corresponding upper limit on the equivalent width, C λ is the continuum flux at wavelength λ, and ∆I is the RMS scatter around a normalised continuum. Eq. 2 can be re-written as
where ∆ f λ is the 1σ RMS scatter of the spectrum around the continuum in flux units (erg s −1 cm −2Å−1 ) and F −1 is the correction term for masked pixels (see §3.3). Our 10σ statistical limit may seem overly conservative but it does correspond to a line profile that would be visibly obvious (e.g., Fig. 3 ). Additionally, other studies have run injectionrecovery tests to determine the true detection threshold for ∼ 1 000 km s −1 emission lines in SNe Ia nebula spectra and a purely statistical F(3σ) is difficult to recover (e.g., Sand et al. 2018a ). F(10σ) is then converted into a luminosity via the distance moduli. Distance moduli computed from the SN Ia light curves are used except where more reliable methods are available, such as Cepheid or Tip of the Red Giant Branch (TRGB) distances. Eq. 3 is inverted to numerically calculate a limit on M st , which we consider a conservative upper bound on the amount of mass removed from a nondegenerate companion undergoing RLOF. This is done for each H/He line, retaining the best mass limit for both the Hrich and He-rich models. Note that the strictest mass limit for each model can come from different spectra, as each spec- 
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Mitigating Host Galaxy Emission and Other Contaminants
Due to the comprehensive nature of our sample, some spectra have poor quality, significant host-galaxy emission and/or other contaminants. Pixels affected by host galaxy emission, telluric absorption, or instrumental artefacts are masked in the ensuing flux limit calculation, ensuring only informative pixels are used in placing our flux upper limit. Masking these pixels also reduces the effective number of pixels used in the non-detection limit calculation and weakens our statistical limit. In Eq. 3 we include the masked pixel correction term F −1 from Tucker et al. (2018) to correct our limit to a more robust estimate. Concisely, the correction term F is the fraction of unmasked line flux to total line flux (F ∈ [0, 1]). Thus, masked pixels decrease F and increase F(10σ), but the effect is weighted by the location of the masked pixels relative to the line centre. For example, the masked narrow host galaxy Hα and Hβ in the bottom panels of Fig. 2 have larger effects on F than the masked [SII] line at 6713Å since [SII] is on the outskirts of the HeI-a line profile. Masking is only implemented when the derived F(10σ) is not representative of the true flux limit due to contaminated pixels, we leave weak or minor contamination unmasked as it only solidifies our conservative flux limit and does not introduce extra steps in our analysis.
Another difficulty occurs when the expected emission line is blended with the edge of a steep SN spectral feature. This is especially problematic for 91bg-like and Iax SNe which have intrinsically narrow emission line profiles. If the continuum near H/He varies by more than the amplitude of our flux limit over its FWHM, we increase our flux limit to match the continuum level variation. This results in an unambiguous line profile that would be definitively detected and prevents questionable limits from being included in our statistical analysis. Some spectra in our study have resolutions of order ∼ 500 km s −1 , which approaches the lower end of the expected stripped mass velocity distribution (e.g., Boehner et al. 2017 ). If broad, unresolved H emission was present in a spectrum, we confirm the host galaxy source with other typical galaxy emission lines such as [OII] (3727Å), [OIII] (4959, 5007Å), [NII] (6548, 6583Å), and [SII] (6713, 6731Å). Any unresolved Hα emission with velocity widths 300 km s −1 had at least one other unresolved galaxy emission line in the spectrum, indicating the observed H emission was not from stripped material. Additionally, the recent discovery of broad Hα emission in ASASSN-18tb (Kollmeier et al. 2019 ) affirms our treatment of galaxy emission lines, as none of the galaxy emission lines discussed previously were present in the discovery spectrum (see §5).
RESULTS
We find no evidence of emission from stripped/ablated companion material in any of our nebular phase spectra. Fig.  2 provides an example Baade/MagE spectrum of SN 2015F at +295 days after maximum light, including the observed spectrum, the continuum fit, and the 10σ flux limits for each line. We provide a random selection of Hα flux limit cutouts in Fig. 3 and the spectral cutouts for all H and He lines are provided as supplementary material.
The distribution of stripped mass limits are shown for the H-rich and the He-rich cases in Figs. 4 and 5, respectively, with colour-shaded regions indicating the expected amounts of stripped mass from various studies in the literature. Fig. 6 shows the H-rich results using the methods and models of Mattila et al. (2005) and Leonard (2007) for comparison with previous estimates. Table B4 gives the phases, flux limits, and derived H-rich and He-rich mass limits for each SN Ia in our study.
We include the range of mass estimates from an H-rich RLOF companion in Figs Table 2 are for 0.25 M of stripped He-rich material, more mass than expected for a true He-donor star. We compare our mass limits to the dedicated He-rich models from Pan et al. (2012) , Liu et al. (2013a) and take a limit of M st, H e < 0.023 M as our upper limit for He-rich SD systems.
If we assume SNe Ia with M st, H < 0.15 M and M st, He < 0.023 M exclude H-rich and He-rich SD progenitor systems, respectively, we can constrain the observed fraction of SD systems. Based on the non-detections in our sample, we can place observed upper limits on the fraction of SD SNe Ia. For a binomial distribution with N trials and no successes, the upper limit f at a confidence level P can be expressed as
with the results for our sample provided in Table 3 . f 1σ and f 3σ correspond to the 1σ and 3σ fractional upper limits on SD SNe Ia. For our null detections of unbound mass emission, we place statistical constraints on the fraction of SNe Ia that can form through the classical SD scenario for H-rich and He-rich companions. We do not consider SNe Ia with inadequate limits on M st "successes", as the spectra do not show any evidence of the expected emission signatures, so these objects are simply omitted from our statistical analysis.
DISCUSSION
With our updated modelling and comprehensive sample, we place strict constraints on the fraction SNe Ia that can form through the classical SD scenario. At most, ∼ 6% of SNe Ia can stem from the H-rich formation channel, placing the majority of the production of SNe Ia on the DD channel, unless a modification on the SD scenario can prevent nearly all SNe Ia from exhibiting these expected H and He emission signatures such as the spin-up/spin-down scenario (Di Stefano et al. 2011) . Considering the simplest case of only spectroscopically normal SNe Ia, we place a 1σ (3σ) upper limit on SD progenitors of < 1.3% (< 6.6%). The full statistical results are provided in Table 3 , and we use the Normal+91T+91bg+SC sample as the most representative sample from our survey. Unfortunately, our sample prevents an analysis of under-versus over-luminous SNe Ia, as we are biased towards brighter SNe Ia (Fig. 7) . This highlights the importance of volume-limited surveys such as 100IAs (Dong et al. 2015a ). Still, these stringent constraints on the observed rate of SD SNe Ia provide strong evidence for the DD channel producing the majority of SNe Ia. Some SNe Ia spectroscopic sub-classes, such as 91T-and 91bg-like, are thought to stem from the same basic mechanism as normal SNe Ia. Because these SNe Ia are thought to be on the edges of typical SN Ia formation, we compare the derived stripped mass limits to the same expected stripped mass values as normal SNe Ia. Our sample has 8 91bg-like and 5 91T-like SNe Ia, for which we place 1σ (3σ) upper limits on H-rich SD progenitors at < 12.0% (< 48.2%) and < 17.4% (< 62.7%), respectively.
For SNe Iax and "Super Chandrasekhar" (SC) SNe Ia, it is worth discussing their characteristics and applicability. The Iax sub-type (Foley et al. 2013 ) is thought to stem from an entirely different formation mechanism and appear to never enter a nebular phase but instead have photospheric properties (Foley et al. 2016 ). Our study includes 4 such systems: SNe 2002cx, 2005hk, 2008A, and 2012Z. Liu et al. (2013b investigated the expected values of unbound mass for these systems if in a SD system, finding significantly lower values of M st, H ≈ 0.013 − 0.016 M compared to the typical ∼ 0.1 − 0.5 M range. All Iax SNe Ia in our sample have M st, H < 0.013 M , so the statistics are unchanged if the more stringent mass limit is employed. However, even if material is unbound from non-degenerate donor stars in these SNe Ia, it is still unclear if this material would be visible at late times. For these reasons, our main statistical analysis excludes these objects.
Our sample also includes 4 "Super Chandrasekhar" (SC) SNe Ia explosions (SNe 2006gz, 2007if, 2009dc, and SNF 20080723-012) , where the inferred ejecta mass, M e j , is higher than the Chandrasekhar mass of ≈ 1.4 M (e.g., Howell et al. 2006; Scalzo et al. 2019) . The main SD channel formation theory of SC SNe Ia involves a WD above the Chandrasekhar mass spinning rapidly enough to sustain itself from collapse and explosion. The high angular momentum was gained during accretion from a non-degenerate companion onto the WD, which then slows over time and eventually explodes. In some scenarios, the spin-down of the WD is longer than the lifetime of its companion, leading to a SD SN Ia with no stripped mass emission. This mechanism has also been used to explain regular, non-SC SNe Ia (e.g. 
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Flux [erg/s/cm 2 /Å] Figure 3 . Randomly selected cutouts around Hα for a portion of the SNe Ia in this work, including the observed spectrum (black), the continuum fit (red), and the empirical 10σ line limit (purple). The scale for each spectrum is denoted in the top-left of each panel. Light grey areas mark masked regions (see text) and completely grey boxes signify SNe Ia with no spectra covering the wavelength range. Thick blue axes indicate this spectrum was used for the best M s t limit provided in Table B4 . Cutouts for all SNe Ia and all H/He lines are provided as supplementary material (see Appendix B). Table 3 . Statistics for each sample considered in our study (see §4). N is the number of SNe Ia with M s t < M cut and f nσ is the nσ fractional upper limit on their occurrence. N t ot refers to the total number of SNe Ia in that sample.
H-rich
He-rich However, conclusive evidence that the WD always outlives the donor star has not been presented, so we include these SNe Ia in our preferred sample. For completeness and comparison to the literature, we also derive mass limits using the prior models of Marietta et al. (2000) sample, we still rule out H-rich non-degenerate companions (M st, H < 0.15 M ) for 60 SNe Ia, corresponding to a 1σ (3σ) fractional upper limit of < 1.9% (< 9.2%). This result differs slightly from the upper limit provided in Table 3 due to the assumed linear (instead of exponential) scaling between stripped mass and emitted luminosity (e.g., Leonard 2007). Regardless, the majority of SNe Ia cannot stem from the SD scenario unless there is a systematic flaw or unincorporated physical process shrouding or suppressing the expected emission. In addition to the observational limitations discussed in §3, the companion-interaction models are developed for normal SNe Ia. The amount of mass stripped from a RLOF companion for over-and under-luminous SNe Ia may differ from the results of Boehner et al. (2017) , although the magnitude of these effects is currently unexplored. Specific stripped mass models exist for Iax SNe (Liu et al. 2013b), but do not exist for the other sub-types included in this paper. Furthermore, quantifying these effects is beyond the scope of this work.
There are other studies which place quantitative or qualitative limits on the fraction of SD progenitor systems using a range of wavelengths and techniques (e.g., Gilfanov & Bogdán 2010; Hayden et al. 2010; Bianco et al. 2011; Brown et al. 2012; Chomiuk et al. 2016, this work The origin of the emission is unclear, as the observed flux is lower than typical SNe Ia-CSM but the inferred stripped mass value of ∼ 10 −3 M is inconsistent with the SD model. However, these models have limitations (see §3) and the current simulations do not investigate the effects of subluminous explosions, which likely produce lower amounts of stripped mass. Late-onset SNe Ia-CSM have also been discovered (Dilday et al. 2012; Graham et al. 2019 ) and the velocity width of Hα emission increases with time in these systems, indicating this could also be similar to CSM objects although a SD progenitor system is definitely possible. Regardless, the true origin of the Hα observed in ASASSN-18tb is unknown and the early spectrum (∼ +140 d) lies outside the temporal bounds of our study (200 d ≤ (t − t 0 ) ≤ 500 d).
Thus, we cannot include this object in our statistical analysis, although if this unique object is not a member of the SNe Ia-CSM class this discovery highlights the inherent rarity of such SNe Ia.
In summary, we find no evidence of emission from stripped/ablated companion material in any of nebular phase spectra. With this null result, we calculate the upper limit on the fraction of SNe Ia that can form through the SD channel for both H-rich and He-rich companions. At 3σ confidence, we find H-rich companions are restricted to < 5.6% and He-rich companions restricted to < 6.5%. These results provide strict constraints on the SD channel of SNe Ia formation, requiring 95% of SNe Ia to stem from the DD channel.
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APPENDIX A: A NEBULAR PHASE PHILLIP'S RELATION
In most SNe Ia, the peak luminosity and photospheric phase decline rate (e.g., ∆m 15 ) are correlated with the amount of 56 Ni produced in the explosion (e.g., Stritzinger et al. 2006; Scalzo et al. 2019) . Therefore, these same observables should also correlate with the magnitude of SNe Ia as they enter the nebular phase. For SNe Ia with nebular spectra but no usable nebular photometry, this relation provides a method for estimating the nebular magnitude using near-peak photometry.
The photometric sample used in deriving the NPPR excludes Iax, CSM, and SC SNe Ia. Although 91T-and 91bglike do not strictly follow the relation between luminosity and decline rate of normal SNe Ia, they are powered by the radioactive decay of 56 Ni to stable 56 Fe. As mentioned before, ∆m 15 is indicative of the amount of 56 Ni synthesised in the explosion, and therefore our parameterization described below still accurately models 91T-and 91bg-like SNe Ia. However, SC and Iax SNe Ia have unique ionisation properties, which is further exemplified by their nebular spectra which lack the prominent [FeII/III] and [CoII/III] emission features of their normal, 91T-, and 91bg-like counterparts (e.g., Taubenberger et al. 2013a; Foley et al. 2016) . It is possible that the photometric intricacies of 91T-and 91bg-like SNe Ia are washed out by our heterogeneous sample, and more precise results can be attained with distinct samples of SNe Ia spectral types.
Taking all available nebular phase photometry of viable SNe Ia from this work and the literature, we derive an approximate functional form for calculating the apparent magnitude of a SN Ia with a measured m max and ∆m 15 . Since SNe Ia have nearly linear decays in magnitude space at nebular epochs, we use the functional form
where m λ,neb (t p ) is the nebular magnitude in filter λ at phase t p = t − t max , m λ,max the magnitude at peak in filter λ, and ∆m λ is the change in brightness between maximum light and t p for that filter. By formulating our relation for individual filters, we can neglect extinction from the Milky Way and the host galaxy since the maximum light and nebular magnitude of a SN Ia will be affected equally. Thus, we parameterize ∆m λ as a function a SN Ia's ∆m 15 ,
where
and
Here, m λ,max is the apparent magnitude at maximum light in filter λ, m λ (t) is the nebular magnitude, t p is the phase of the observations, ∆m 15 the decline rate, and measured coefficients {a, b, c, d} which are provided in Table A1 . t p and ∆m 15 are offset by typical values to reduce their covariance in the fitting process.
The coefficients in Table A1 were computed using all available nebular photometry between 150−500 d after maximum light. The coefficients were first approximated using a sample of well-studied SNe Ia with ≥ 5 measurements in a given filter in the temporal bounds listed above, such as SNe 2011fe, 2012fr, 2013gy, and 2015F, then expanded to include all photometric points. The SNe Ia used in deriving the NPPR have decline rates that span ∆m 15 ∼ 0.8 − 1.8 mag and are denoted with a in Table B6 . For publicly available photometry for which there are no reported uncertainties, we assign a nominal uncertainty of 0.1 mag. In fitting the data, we implement non-linear least squares fitting coupled with a bootstrap-resampling technique to derive reasonable estimates for the uncertainties. The residuals of the bestfit solution are shown in the left panel of Fig. A1 , and the collapsed distribution is provided in the right panel.
For SNe Ia with a measured peak magnitude and ∆m 15 , we show the nebular BV R magnitude can be approximated to ∼ 20%. These results were derived using a heterogeneous data set and likely can be improved with a consistent photometric system and targeted observations across a reasonable span of ∆m 15 . This technique can also be used in identifying peculiar or strange SNe Ia that deviate from their expected brightness at a given epoch, such as "late-onset" CSM interaction (e.g., Graham et al. 2019) . Additionally, we attempted to expand this methodology to other photometric filters (e.g., g, r), but there were too few observations to build a quality model.
APPENDIX B: SUPPLEMENTARY TABLES AND FIGURES
In Table B2 , we provide the name of the SN Ia, redshift, and references for discovery and classification. For information on each spectrum, including the date, telescope, instrument, and reference, see Table B3 . Flux limits and derived mass limits are given in Table B4 . New photometry presented in this work is provided in Table B5 and all photometry references are given in Table B6 .
B1 Data Tables
For SNe Ia with redshifts measured from the supernova lines near maximum light, we tweak the redshift using host galaxy emission lines when necessary. Major host galaxy lines such as Hα, Hβ, [NII], and [OIII] are fit with Gaussian line profiles to estimate the line centre and then used to measure the host redshift.
For SNe Ia with insufficient photometry for a reliable light curve fit in SNooPy, we consider two approaches. If there are ≥ 3 photometric points near maximum light, we use linear least-squares coupled with bootstrap-resampling to fit a quadratic curve to the data and estimate t max and the associated uncertainty. Otherwise, the value for t max is taken from the spectroscopic classification reference given in Table  B2 Table A1 . Right: Collapsed residual distribution of the best-fit solution. Table B3 provides a rough estimate of the quality of the spectrum. This is mostly qualitative, and intended to provide readers with an estimate of the spectral quality for each SN Ia in our sample. The rankings are as follows:
High: The spectrum clearly shows the major Fe and Co emission lines between ∼ 4 000 − 7 000Å. The spectrum exhibits little to no host contamination or instrumental artefacts.
Med(ium): The major Fe lines are visible, while the Co lines are noisy or absent. The spectrum may also suffer from minor to moderate host galaxy contamination and/or instrumental artefacts.
Low : The major Fe lines are barely detectable above the spectral noise, and the Co lines mostly below the detection threshold. This category also includes overall mediumquality spectra with significant host galaxy contamination and/or instrumental artefacts. 
B2 Special Cases
We discuss any extenuating circumstances or any other relevant details about specific SNe Ia that differ from the general methodology described in §2. Examples include alternative flux calibration methods, spectroscopic oddities noticed in our analysis, and spectrum reference discrepancies. SNe Ia with R V values known to deviate from the standard R V = 3.1 are listed in Table B1 . For ensemble studies (e.g., Phillips et al. 2013; Burns et al. 2014) , we require a ≥ 3σ deviation from R V = 3.1 to include the value in our calculation. When drawing R V values from Burns et al. (2014) , we implement the F99+uniform prior results.
SN1981B : The nebular spectrum on the OSC and WIS-eREP refer to Branch et al. (1983) as the source of the spectrum, however, we find no mention therein. Therefore, we include this reference in Table B3 , with the caveat that we could not verify its source. Additionally, there are no definitive narrow features in the spectrum to confidently determine the spectral resolution. We assume a resolution of 10Å across the entire spectral range.
SN1998bu: The two nebular spectra from Cappellaro et al. (2001) do not have any specific mention in that manuscript, however, the reference on WiseRep points to this paper. Thus, we include the reference, but acknowledge we could not verify this paper was the true source for these spectra.
SN2002bo: The OSC and WiseRep also report several nebular phase NIR spectra for this SN. However, crossreferencing the reported spectra with the observational parameters given in Benetti et al. (2004) , we believe the dates provided for the NIR spectra are off by a year, and these spectra are closer to a few months after maximum light instead of several hundred days after maximum light. We exclude these spectra from our sample.
B3 Supplementary Figures
We provide cutouts around each spectral line inspected for H/He emission (Table 2) for the spectrum used in calculating the limits provided in Table B4 for each SN Ia as supplementary figures. An example of the format of these figures is provided in Fig. 3 . The black line is the observed spectrum, with the continuum fit and flux upper limit in red and purple, respectively. Gray shaded areas indicate masked spectral regions and completely gray boxes indicate that particular SN Ia had no spectra covering that spectral region. When multiple nebular spectra of a SN Ia cover the same expected H/He line, we provide the spectrum corresponding to the best mass limit for that line. Therefore, the panel for Hα may show a different spectrum than the panel for Hβ for the same SN Ia. This ensures all adequate spectra are presented, even when some spectra do not cover all the optical and NIR lines considered in this study. The border colour of a given panel indicates whether it is used in the final stripped mass determination, the results of which are provided in Table B4 . Blue borders indicate the panels used in the H-rich mass limit, red borders indicate He-rich limits, and purple borders indicate He lines used for both H-and He-rich limits. ( Table B6 . Photometry data for each SN Ia studied in this work. N t ot refers to the total number of photometric points for a given SN. Phases are given relative to maximum light. Objects denoted with a are used in deriving the NPPR (Appendix A). Table B6 .
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